Objective: Butane is present as propellant gas in deodorants, shaving foam tubes, air fresheners. In our study, potential allergic effects of chronic inhalation of butane on nasal mucosa of rats were evaluated.
INTRODUCTION
Nowadays, development of industrial production is accompanied by extensive environmental pollution. Various gases of which effects we have not known yet are emitted as a result of industrial production. Although the effects of these gases are not specifically well known, they generally cause air pollution and it is already well known that air pollution exacerbates allergic symptoms (1-3).
Butane gas, a member of saturated aliphatic hydrocarbons, is encountered frequently in daily life, and humans are exposed to it. Butane is a compressed gas that is used as an aerosol propellant in deodorants, shaving foam tubes, air fresheners, and etc. Liquefied petrol gas (LPG) contains butane gas in variable proportions. When we look at the effects of butane gas, acute and high dose inhalation of butane may lead to fatal arrhythmias and sudden death in a healthy heart (4) (5) (6) . Recent animal studies found out that acute inhalation of extremely high concentrations of butane gas may adversely affect the central nervous system. Scattered symptoms experienced by the animals exposed to high concentration of butane includes headache, nausea, dizziness, drowsiness, confusion, and unconsciousness (7) (8) (9) . However, there is no study regarding the effects of chronic inhalation of butane gas in the literature.
Allergic rhinitis is a global health problem that negatively influences social life, sleep, school, and occupational life (10) . In histopathologic studies concerning allergic rhinitis, once atopy is induced, increase of eosinophils and eosinophil exocytosis, lymphocyte infiltration, and goblet cell hyperplasia have been observed (11) (12) (13) (14) .
In our study, discovering the effects of butane gas on nasal mucosa in rats and determining its potential allergic effects were aimed. and 250 gr. Animals were divided with random choice into two groups of ten, as experimental group and control group. The rats were locked inside the cages so that each cage contains 5 rats. All rats were harbored in a medium which was artificially illuminated and darkened equally for 12 hours. The temperature was set to 21-22 centigrade degrees. The rats were allowed to eat and drink freely. Adjustment of illumination and darkness were carried out by a timer installed to the lighting system. In addition, for the experimental group, an acrylic glass cabin with 20 circular ventilation holes with diameter of 2 cm and dimensions of 40x40x50 cm was used. Since rats are more active during night, experimental group was taken into this cabin which placed in another room, in the darkness period. Also an automatic spray machine (Discover automatic spray dispenser; Guler electronic, cosmetic, chemical company, Istanbul, Turkey) with day-night adjustment and timer was installed into the cabin to emit butane gas.
SUBJECTS AND METHODS

This
During the experiment, lighter gas tubes (Jumbo lighter gas; Unver group, Istanbul, Turkey) that containing purified butane gas were used. Duration of the experiment was determined as 100 days. During the study, butane gas was given as one spray (0.6 ml) in 5-minute intervals during 12-hour darkness period into the cabin where the experimental group was harbored.
Gas measurement was held in the geology lab of Istanbul University Faculty of Engineering.
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At the end of the experiment, all animals were sacrificed using intraperitoneal sodium pentobarbital (100 mg/kg). Then, upper jaws of the animals were removed by incising in front of the orbit on coronal plane as to contain the nose. Five micron-thick coronal slices were taken from the nasal cavities of the animals. Slices were stained with hematoxylin-eosin stains. Decalcification with 20% formalin-formic acid solution was applied to pieces in order to visualize the goblet cells in slices better for 12 hours. All slices were evaluated microscopically in ten magnified areas in terms of eosinophil count, amount of goblet cells, lymphocyte infiltration, and eosinophil exocytosis ( Fig. 1 ). Most representative magnified areas of cross sections for each cell group were evaluated. Eosinophils in the magnified areas were counted, on the other hand, amount of goblet cells, lymphocyte infiltration, and eosinophil exocytosis were determined semi-quantitatively. During the experiment, two rats from the experiment group and two rats from the control group were died due to unknown reasons. Dead animals were not subjected to histopathological evaluation.
Statistical analyses
Because of that variables did not provide assumption for normality and numbers of subjects were low in groups, whether histopathological changes differed for the experimental and the control groups was evaluated with Mann-Whitney U test. In addition, relationship between lymphocyte infiltration and eosinophil exocytosis was determined with Pearson Correlation test. The significance level was set at 5% (p≤0.05)
RESULTS
Butane gas is heavier than air and it may accumulate in a closed place. For this reason and due to the ventilation holes of the cabin, amount of butane gas was detected variable in the cabin.
In experiment amount of butane gas was detected between 1350-2000 ppm (1.35 -2%) in the cabin. Rats showed no symptoms of central nervous system depression.
In the histopathological examination of the slices of the experimental group, it is observed that eosinophil counts vary between 24 and 75 (mean ± SD, 42.4 ± 18.9). This count ranges from 2 to 9 (mean ± SD, 4.25 ± 2.8) in the control group. In experimental group, a significant increase was seen in eosinophils (p<0.001). Amount of goblet cells in slices range between "+" and "+++" (mean ± SD, 1.75(+) ± 0.88(+)) in animals from the experimental group, range from "+" and "++" (mean ± SD, 1.125(+) ± 0.125(+)) in the control group.
When groups were compared, amount of goblet cells was found similar (p>0.05). When lymphocyte infiltration was compared; whereas it ranged from "+" and "++++" (mean ± SD, 2.25(+) ± 1.28(+)) in animals from the experimental group, the range in the control group was found between "+" and "++" (mean ± SD, 1.375(+) ± 0.517(+)). When these differences were evaluated, amount of lymphocyte infiltration was found similar (p>0.05). As for eosinophil exocytosis; whereas values between "+" and "+++" (mean ± SD, 1.875(+) ± 0.83(+)) were observed in the experimental group, values between "+" and "++" (mean ± SD, 1.375(+) ± 0.517(+)) were observed in the control group. Eosinophil exocytosis was found similar between groups (p>0.05) ( Table 1 ). When two groups were compared; in slices which the lymphocyte infiltration was more in the experimental group, eosinophil exocytosis was also found to be more. A positively correlation was observed between lymphocyte infiltration and eosinophil exocytosis in the experimental group (r=0,987 p=0.0001).
DISCUSSION
There are various gases that are introduced into the atmosphere increasing air pollution. As a result of this, respiratory diseases and allergic diseases may be seen (1-3) . Despite an increase in the development of allergic rhinitis with exposure to air pollution (1-3, 15) , in some other studies this relationship could not be established (16) . The relationship between outdoor pollutants and rhinitis of unknown origin has also been reported (17) (18) (19) (20) . Along with this, it has been claimed that these effects are related with the exposure (21, 22) . We are exposed to butane gas in many areas of life and effects of this gas on living creatures are not well known.
In literature there are studies about butane gas related generally with acute exposure as accidental or with exposure due to its abuse. When butane gas is inhaled, it makes myocardium sensitive to catecholamines and accumulates in fat rich tissues and especially in brain (7, 23) . Following the inhalation of butane gas, cases in which occurring ventricular fibrillation and encephalopathy have been reported (6, (24) (25) (26) . Rhabdomyolysis, multiple organ failure and death due to exposure to butane gas may also develop (4, 5, 27, 28).
However, the possible effects of chronic and low-dose exposure to butane gas are not well known. In this study, allergic effects in nasal mucosa of rats as a result of exposing rats to butane gas with low-dose and for longer duration, instead of with acute and high doses, were histopathologically investigated.
Eosinophils and T lymphocytes are among the major cells of allergic inflammations.
In allergic diseases, T lymphocytes, eosinophils and products have been shown to be increased and found to be related with severity of the disease (29) (30) (31) (32) (33) . In patients diagnosed with allergic rhinitis, in nasal biopsy and lavage applications a significant increase in numbers and activities of eosinophils and CD4 + T lymphocytes have been found when an allergen is encountered (11, 12) . It has been shown that in bronchoalveolar lavage fluids taken from asthmatic patients 24 hours after allergen is encountered, local CD4 + T lymphocytes were activated, m-RNA expression for TH 2 -type cytokines was increased and eosinophils piled up (34) . Also in experimental studies, eosinophils and CD4 + T lymphocytes are found to be increased in nasal cavity and lungs once allergy is induced (35, 36) . Additionally CD8+ T lymphocytes are known to have a regulatory role in allergic diseases (37, 38) . Similarly to these studies, in many slices in experimental group we have observed an increase in eosinophils and lymphocytes in nasal mucosa. The presence of a significant increase (p<0.001) in eosinophils in nasal mucosa shows the relationship of this gas with eosinophilic inflammation. Although there was a more obvious increase in lymphocyte infiltration in the experimental group, this increase was found similar with control group (p > 0.05). However this result might be related with duration and with the small number of subjects.
The eosinophil exocytosis has an important role in allergic reactions. As a result of exocytosis; cytotoxic proteins such as major basic protein, eosinophil cationic protein, eosinophil peroxidase, eosinophil-derived neurotoxin, enzymes, and also cytokines are released out of the cell, and as a result tissue damage and inflammation develop (29, 39, 40) .
In the experimental group, we detected eosinophil exocytosis in many slices. In slices in which lymphocyte infiltration is more, we observed that the eosinophil exocytosis was also more. In the experimental group a positive correlation was observed between the increase in lymphocyte infiltration and the eosinophil exocytosis (r=0.987 p=0.0001). This result supported our thought that exposure to butane gas might induce an inflammation.
Goblet cells which form a substantial part of respiratory epithelium are present in almost every site of the mucosa of respiratory tract, and are responsible for production and secretion of mucus. Many inflammatory and humoral mediators that include environmental antigens stimulate mucus production (41) . Inflammatory molecules are caused to mucus production from epithelial cells in protective immune response and inflammatory allergic Effects of Butane Gas on Nasal Muccosa in Rats 8 airway diseases by activating IL-13 and epidermal growth factor receptor (EGFR). The expression and activation of EGFR promote goblet cell hyperplasia and metaplasia (42, 43) .
In studies conducted by inducing an allergic inflammation, increase in goblet cells in the respiratory epithelium have been encountered (13, 14, 44) . Also in another study, the amount of goblet cells was found similar in patients with allergic rhinitis both before and after the period of pollens (45) . In our study, we encountered increase in goblet cells in many slice areas in the experimental group, but this increase was found insignificant. However a directly proportional relationship has been determined between duration of exposure to antigen and increase in goblet cells (13) . We think that butane gas might create an allergic effect on respiratory epithelium if the duration of exposure and the number of subjects increase.
CONCLUSION
Butane gas is a substance that we frequently encounter in our daily life. Allergic diseases constitute very important health problems worldwide, influence domestic, educational, and social lives of individuals, and account for a significant part in health-care costs. Therefore, eliminating the causes that may have effect on development of allergic diseases is crucial.
According to our study, we have concluded that chronic inhalation of butane gas may create inflammation, and might generate allergic effects in nasal mucosa due to significant increase in eosinophils and positively significant correlation between lymphocyte infiltration and eosinophil exocytosis in the experimental group. Although more detailed studies are needed in order to definitively surmise inflammatory and allergic effects of butane gas, our study is significant due to being the first study in the literature.
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